ABSTRACT. Studies investigating the association between the COL1A1 gene -1997G/T polymorphism and the risk of osteoporosis in postmenopausal women have reported conflicting results. We performed a meta-analysis based on the evidence currently available from the literature to make a more precise estimation of this relationship. We conducted searches of the published literature in the PubMed and Embase databases up to September 2014. We estimated the pooled odds ratios with their 95% confidence intervals to assess the associations using fixed-or random-effect models. Publication bias was investigated by Begg's funnel plot. Meta-analysis was performed using the STATA package version 12.0. No significant association was found between the -1997G/T polymorphism in the COL1A1 gene and osteoporosis risk in the total population analysis (TT vs GG: OR = 1.28, 95%CI = 0.76-2.17; TT vs GT: OR = 1.04, 95%CI = 0.60-1.78; dominant model: OR = K.H. Yu et al.
INTRODUCTION
Osteoporosis is a systemic skeletal disease characterized by low bone mineral density (BMD) and microarchitectural deterioration of bone leading to increased bone fragility and a high risk of fracture. Statistically, 30% of women and 12% of men might suffer from osteoporosis at some point during their lifetime; accordingly, osteoporosis is becoming a major economic burden on society and on families (Hong et al., 2007) . Over the past few years, the following risk factors have been shown to be related to osteoporosis outcome: race, heredity and constitution (family history), gender (female > male), age (postmenopausal women in particular), body build (slender, small, and thin individuals), calcium deficiency, alcohol, smoking, excessive intake of salt and phosphorus, insufficient exercise (long-term bedridden), decreases in exercise capacity, among others (Suzuki, 2001 ). In addition, the pathogenesis of osteoporosis is partly influenced by multiple genetic factors (Shin et al., 2013) .
Collagen is the most abundant protein of the bone matrix, accounting for approximately 80% of the total proteins in bone tissue. The alteration of collagen properties and of its relative quantity in the bone matrix can affect the mechanical features of bone tissue and increase the susceptibility to fragility fracture.
Collagen is composed of two peptide chains, alpha 1 and alpha 2, that are present at a 2:1 ratio in collagen fiber, and are encoded by the COL1A1 and COL1A2 genes. COLIA1 has been mapped to the long arm of chromosome 17 (17q21.33). Over 400 human disease-associated mutations have been identified within the COL1A1 gene, the majority of which are related to osteoporosis (Masoodi et al., 2013) . Previous studies on COL1A1 have largely focused on the relationship between osteoporosis and the COLA1 Sp1 binding site polymorphism, which has been regarded as a predictor of reduced BMD and an increased risk of fragility fractures (Mann et al., 2001; Ralston et al., 2006) . In addition, the -1997G/T (rs1107946) polymorphism has been identified in the COL1A1 upstream regulatory region; -1997G/T is in linkage disequilibrium with the Sp1 polymorphism (Garcia-Giralt et al., 2002; Jin et al., 2009 ).
To date, several studies have investigated the relationship between the COL1A1 -1997G/T polymorphism and osteoporosis risk in postmenopausal women. However, the conclusions from these studies have been conflicting. Furthermore, no meta-analysis data on the correlation of the COL1A1 -1997G/T polymorphism with the susceptibility to osteoporosis in postmenopausal women are currently available. Therefore, to derive a more precise overall effect estimate, the present study aimed to evaluate the association between the COL1A1 -1997G/T polymorphism and the susceptibility to osteoporosis in postmenopausal women by performing a systematic review and meta-analysis of the literature.
MATERIAL AND METHODS

Selection of studies
Publications were identified by a systematic electronic search of the PubMed and Embase databases with the following key words: "osteoporosis" or "CYP1A1" and "-1997G/T" or "rs1107946" or "genotype" or "polymorphism". The last search was updated in September 2014. We did not set any restriction on the language of the published literature. In addition, the reference lists of the included articles and relevant meta-analyses were manually searched to identify additional relevant studies. Studies reported by the same authors were checked for possible overlapping participant groups.
Inclusion and exclusion criteria
The inclusion criteria used for the article selection in this meta-analysis were as follows: 1) case-control studies; 2) studies assessing the association of the -1997G/T polymorphism in the COL1A1 gene with osteoporosis risk; 3) provision of sufficient information for estimating the OR with its 95%CI; and 4) provision of available data to acquire the genotype frequency of the COL1A1 gene -1997G/T polymorphism. Major exclusion criteria were: 1) no control population; 2) no available genotype frequency; and 3) duplicated studies.
Data extraction
Two investigators (K.H. Yu and J. Tang) independently reviewed and extracted the information from all included publications using a standardized protocol, according to the inclusion and exclusion criteria. In the case of disagreement, discrepancies were resolved by discussion. The following characteristics were collected from each study: name of first author, year of publication, region of the first or corresponding author, ethnicity, number of cases and controls, number of genotypes, and evidence of Hardy-Weinberg equilibrium (HWE); these characteristics are listed in Table 1 .
Statistical analysis
We predicted the contribution of the COL1A1 gene -1997G/T polymorphism to the risk of osteoporosis utilizing the STATA package version 12.0 (Stata Corporation, College Station, TX, USA). The strength of association was estimated by calculating summary crude ORs and the corresponding 95%CIs under a co-dominant model (TT vs GG, TT vs GT), a dominant model (GG + GT vs TT), and a recessive model (TT + GT vs GG). The Fisher exact test was used to assess HWE with the significance set at P < 0.05. Between-study heterogeneities were estimated using the I 2 test. I 2 represents the variability that can be attributed to heterogeneity rather than chance. I 2 values of 25, 50, and 75% were defined as low, moderate, and high estimates, respectively. When a significant I 2 > 50% indicated heterogeneity across studies, the random-effect model was used for meta-analysis; else, the fixed-effect model was used. To evaluate ethnicity-specific effects, subgroup analyses were performed to explore and explain the diversity among the results of the different studies. Sensitivity analysis was performed through random-effect model values compared to the fixed effects. Publication bias was investigated by funnel plot and Begg's funnel plot.
RESULTS
Characteristics of the studies included
Based on the search criteria, 24 articles were identified (Figure 1 ). Of these, 16 papers were excluded after review of the title or abstract because of obvious irrelevance to our study aim. In addition, one duplicated publication and two meta-analyses were excluded. An additional paper did not have a control group and was further excluded. Therefore, only four studies of the association between the COL1A1 gene -1997G/T polymorphism and osteoporosis risk were selected for this meta-analysis (Selezneva et al., 2008; Husted et al., 2009; Li et al., 2010; Singh et al., 2013) . Two studies were conducted in Europe and two in Asia. The publishing years of the studies included ranged from 2008 to 2013. The source of controls was primarily based on healthy populations. The HWE test was performed on the genotype distribution of the controls, all of which were in HWE (P > 0.05). The baseline characteristics and methodological quality of all studies included are summarized in Table 1 . 
Quantitative synthesis
A summary of the meta-analysis findings of the association between the COL1A1 gene -1997G/T polymorphism and osteoporosis risk is shown in Figure 2 and Table 2 . Metaanalysis results showed that the COL1A1 -1997G/T polymorphism might not be associated with osteoporosis risk ( In subgroup analysis by ethnicity, the studies included were divided into Caucasian and Asian populations; no significant association was found between the COL1A1 gene -1997G/T polymorphism and osteoporosis risk in 
Publication bias
Potential publication bias of the literature was assessed by Begg's funnel plot. The Begg's funnel plot was used to measure the asymmetry of the funnel plot. The results of the Begg funnel plot test are shown in Table 2 and Figure 3 . Results showed that there was no publication bias (all P > 0.05). 
DISCUSSION
Osteoporosis is a one of the typical diseases that develops from a long-standing lifestyle and is induced by multiple factors. With the growing aging population, the number of patients with osteoporosis is expected to increase to 2.6 million by 2025 and to 4.5 million by 2050 (Abrahamsen et al., 2009 ). The pathogenesis of osteoporosis is complex and multifactorial and is still not fully understood. In recent years, accumulating evidence has indicated that osteoporosis is determined by complex interactions between environmental and genetic factors. One of the most important candidate genes for the predisposition to osteoporosis is the COL1A1 gene, which encodes the alpha 1 protein chain of collagen, the major protein of bone. Previous research has shown that the COL1A1 gene Sp1 polymorphism is a reliable predictor of osteoporosis risk (Mann et al., 2001) . To date, a number of studies have focused on the association between the COL1A1 gene -1997G/T polymorphism and the risk of osteoporosis in postmenopausal women. However, the observed associations of these studies were inconsistent. To help clarify the earlier inconclusive findings with those from several recently published studies, we conducted this meta-analysis. The aim of meta-analysis is to combine similar kinds of studies to increase the effective sample size and statistical power, and thereby obtain a more authentic and reliable result.
This is the first systematic study of the association between the COL1A1 gene -1997G/ T polymorphism and osteoporosis risk in postmenopausal women using meta-analysis. Our study quantitatively assessed the association between the -1997G/T polymorphism and the susceptibility to osteoporosis. Ultimately, four case-control studies were included and assessed in this meta-analysis, involving a total of 709 patients with osteoporosis and 599 healthy controls. The results of the meta-analysis revealed that no significant association could be identified between the COL1A1 gene -1997G/T polymorphism and the risk of osteoporosis in postmenopausal women. Considering that the result might be affected by ethnicity, we performed a race-related subgroup analysis; however, no significant association was found in either Caucasian or Asian populations. No evidence was found to suggest the existence of publication bias in this meta-analysis. However, as the eligible study number was limited in the meta-analysis, caution should be exercised when considering this conclusion.
The potential function of the -1997G/T polymorphism might be affected through gene-gene interactions. The linkage disequilibrium (-1997G/T, 21663IndelT, and Sp1 polymorphism) in the COL1A1 gene might synergistically regulate COL1A1 transcription by affecting DNA-protein interactions and thereby increase the risk of osteoporosis (Jin et al., 2009) . In addition, the COL1A1 and VDR genes might also synergistically increase the susceptibility to osteoporosis (Uitterlinden et al., 2001 ). Furthermore, gene-environment interactions should also be taken into consideration in future analysis.
In this meta-analysis, no significant between-study heterogeneities were identified in the heterogeneity tests, indicating that our results were unbiased, and no obvious publication bias was shown to exist. However, some limitations of this study should be acknowledged. First, our meta-analysis was based on unadjusted OR estimates because not all published studies presented adjusted ORs, or when they did, the ORs were not adjusted by the same potential confounders, such as age, gender, and exposures. Lacking information for data analysis might cause serious confounding bias. Second, the number of studies and the number of subjects in the studies included in the meta-analysis by specific subgroups were small. Additionally, meta-analysis is retrospective research that is subject to methodological limitations.
In conclusion, our meta-analysis suggests that no association between the COL1A1 gene -1997G/T polymorphism and osteoporosis risk exists in postmenopausal women. As few studies are available in this field and current evidence remains limited, it should be emphasized that it will be necessary to conduct large-scale studies with adequate methodological quality in order to come to a definitive conclusion on this issue.
